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ABSTRACT
Thermodesorption is awell known technique for the analysis of volatile organic contaminantsin air
normally adsorbed on porous polymeresand hasbeen previously discussed [ 1]. Thisoperation principle
can also be adapted for the direct thermal desorption of volatilesin solid samples.

Inthispaper thepotential of anewly devel oped thermodesorption systemfor direct desorptionand
analysis of volatiles from liquid and solid samplesis discussed and demonstrated.

Itwill beshownthat thecombination of thermal desorptionwithanintermediatecryofocusing step
intheinsert liner of acooled injection system (CIS) isareliable and fast method for the determination
of volatiles within awide boiling range.

I NTRODUCTION

The determination of volatile trace compounds in gaseous, liquid and solid samples from industrial,
environmental and biological originisaneveryday demandincapillary GC. Inmany casesthesesamples
are not compatible with the gas chromatographic system to permit direct injection. Therefore time
consuming preliminary sample preparation steps such as extraction and enrichment of the analytesare
required prior to the analysis[2-6].

With the fully automated thermodesorption unit (TDS 2) described in this paper many of these
samples can now be analysed directly, without any sample preparation. The compounds of interest are
vaporised and subsequently trapped and cryofocused at subambient temperaturesin theinsert liner of
atemperature programmable split/splitlessinjector (acooledinjection system, CIS), followed by direct
transfer to the analytical column, whereas the matrix (or the adsorbent, respectively) remains in the
thermodesorption unit.

With this technique it is possible to analyse samples over awide boiling range, like volatilesin
plastic food wraps, spices and pharmaceuticals, residual solventsin recycled polyethylene, fragrances
in shampoos and laundry detergents, up to PAH sand PCB’sin soilsand Hydrocarbonsin diesel filter

paper.



EXPERIMENTAL

Instrumentation. The system consists of athermodesorption system (TDS 2, Gerstel GmbH, Mlheim
ander Ruhr, Germany, Figur e 1), atemperature programmable cool ed injection system (CI S 3, Gerstel
GmbH, Mulheim an der Ruhr, Germany), a gas chromatograph (HP 5890 series |1, Hewlett-Packard,
Waldbronn, Germany) and amasssel ectivedetector (HP5972, Hewl ett-Packard, Wal dbronn, Germany).
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Figure 1. Thermodesor ption system TDS 2 (topview).

Operation. A blank glass tube is filled with the sample and then inserted into the TDS 2 desorption
chamber which is cooled down to subambient temperaturesin order to prevent premature desorption.
After purgingtheair out of thesystem, thetubeisthen heated to thedesired temperature, whilethecarrier
gas flowing through the tube transferres the volatiles in split- or splitlesss-mode (Figure 2 and 3) into
the pre-cooled CIS, where they are cryofocused and concentrated.

TDS

Figure 2. Desorption principle, TDS in split- Figure3.Desorptionprinciple, TDSinsplitless-
mode. mode.



After the desorption hasfinished the CISis heated to the desired temperature to allow split or splitless
transfer of the trapped compounds to the analytical column and further mass spectrometric detection.
Figure 4 describes the operation principle.
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Figure 4. Schematic of the applied system which consists of a thermodesorption system (1), a
temperaturizedtransfer capillary (2), acool edinjection system(3), standard backpressure Pneumatics
with mass-flow controller (4), backpressure regulator (5), pressure gauge (6) and split/splitlessvalve
(7), including an additional 3/2-way solenoid (8) to switch the splitflow between TDSand CIS. The
analytical column (9) is directly connected to a mass selective detector.
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REesuLTs AND Discussion

Example 1. Volatiles in plastic food wrap.

For theheating of food productsin microwaveovensspecial packaging materialslike plasticfood wraps
arerecommended. It hasto be ensured that nothing from the wrap can migrate into the food during the
cooking process. For the analysis afew square centimeters of the wrap are placed into the desorption
tube, which isthen heated to the maximum allowed wrap temperature of 150°C. Theresult can be seen

in Figure5.
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Figure 5. Analysis of volatilesin a microwave food wrap (splitless).

Analysis conditions.
Column: 25 m Ultra-2 (Hewlett-Packard), d=0,2 mm, d, = 0,33 um
Pneumatics: He, p, =50 kPa, split x:30
Temperatures: TDS: 50°C to 150°C with 20°C/min
CIS: -150°C to 300°C with 12°C/s
Oven: 40°C to 120°C with 10°C/min; to 280°C with 5°C/min

MSD: 280°C



Example 2. Volatiles in spices.

The direct thermal analysis of previously dried spices can easily be used as a technique for quality
monitoring, wheretime consuming solvent extracti on steps can be avoided. Thetwo exampleschoosen
demonstrate the feasability of this method (Figures 6 and 7).
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Figure 6. Thermal analysis of volatilesin sage (splitless).
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Figure 7. Thermal analysis of volatilesin oregano (splitless).

Analysis conditions.
Column: 25 m Ultra-2 (Hewlett-Packard), d=0,2 mm, d, = 0,33 um
Pneumatics: He, p, =50 kPa, split x:30
Temperatures: TDS: 50°C to 150°C with 20°C/min
CIS: -150°C to 300°C with 12°C/s
Oven: 40°C to 120°C with 10°C/min; to 280°C with 5°C/min

MSD: 280°C



Example 3. Volatiles in Pharmaceuticals.

The method of direct thermal desorption here can be utilized for the determination of residual
compounds in pharmaceuticals, which were formed or used during manifacturing (Figur e 8).
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Figure 8. Analysis of volatilesin a pain-killer (split).

Analysis conditions.
Column: 60mDB 5 (J& W), d=0,25 mm, d, = 0,25 um
Pneumatics: He, p, =80 kPa, split x:30
Temperatures: TDS: 50°C to 150°C with 20°C/min
CIS: -150°C to 300°C with 12°C/s
Oven: 60°C to 280°C with 10°C/min
MSD: 280°C



Example 4. Residual solvent in recycled polyethylene.

During the recycling process a solvent mixture has to be used to extract the polyethylene from solid
impurities. After this clean-up procedure the solvent mixture hasto be removed again. The success of
this drying step can be monitored either through standard liquid injection after having dissolved the
sample once again (thistime in asingle solvent, Figure 9), or through direct thermal desorption
(Figure 10).

Figure 9. Residual solvent in recycled polyethylene, liquid injection (split).
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Figure 10. Residual solvent in recycled polyethylene, thermodesor ption (split).

Analysis conditions.
Column: 50mDB 5 (J& W), d=0,25mm, d, = 0,25 um
Pneumatics: He, p, =210 kPa, split x:80
Temperatures: TDS: -50°C to 150°C with 60°C/min
CIS: -150°C to 300°C with 12°C/s
Oven: 60°C to 320°C with 5°C/min

MSD: 280°C



Example 5. Fragrances in shampoos and deter gents.

The analysis of fragrances in shampoos and detergents usually needs a time consuming preliminary
extraction step. Using direct thermal desorptionitispossibleto extract theflavour compounds (Figure
11-13) at low temperatures and cryofocus them in the cooled injection system, whereas the detergents
remain in the the desorption tube.
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Figure 11. Fragrancesin powdered laundry detergent, brand A (split).
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Figure 12. Fragrancesin powdered laundry detergent, brand B (split).
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Figure 13. Fragrances in shampoo (split).

Analysis conditions, Example 5.
Column: 50mDB 5 (J& W), d=0,25mm, d, = 0,25 um
Pneumatics: He, p,=80 kPa, split x:80
Temperatures. TDS: -50°C to 80°C with 60°C/min
CIS: -150°C to 300°C with 12°C/s
Oven: 60°C to 300°C with 10°C/min
MSD: 280°C

Example 6. Analysis of diesel filter paper.

Analysis conditions, Example 6.
50 m DB 5 (J&W), d=0,25 mm, d, = 0,25 um
He, p, =210 kPa, split x:80
TDS: -50°C to 350°C with 60°C/min
CIS: -150°C to 400°C with 12°C/s
Oven: 60°C to 250°C with 10°C/min;
320°C with 5°C/min

MSD: 280°C

Thermal desorption here offersamethod for measuring diesel particulatestrapped on aglassfibrefilter
(Figure 14) in order to optimise the combustion processin the engine.
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Figure 14. Analysis of volatile organic compounds trapped on a glasfibrefilter in a diesel engine

(splitless).



Example 7. Trace Analysis of PAH s and PCB’s in contaminated soils.

Due to the hazards deriving from contaminated industrial sites, gaining an overview of the degree of
contaminationisasubstantial needin modern environmental analysis. Thecomplexity of thematrix soil
requiresdifficult and time consuming sample preparation, so that asimpler and faster, but nevertheless
accurate screening method would be of great interest. With the fully automated thermodesorption unit
(TDS 2) described in this paper these sampl es can now be analyzed directly, without any other sample
preparation than crushing to aparticle size of <4mm. Figur es 15 and 16 demonstrate the usefulIness of
this technique for this purpose.
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Figure 15. Direct thermal desorption of a contaminated soil, PAH-traces in extracted ion
chromatogram mode.
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Figure 16. Direct thermal desorption of a contaminated soil, PCB-traces in selected ion mode.



CONCLUSIONS
The combination thermodesorption/cooled injection offers an analysistechnique for agreat variety of
liquid and solid sampleswhich normally arenot directly compatiblewithagaschromatographic system.

It hasprovento beatimesaving extraction method for volatilesover awideboiling range, without

any sample pretreatment.
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